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X We have seen large “flavor violations” in neutrino sector
e.8. Uy — Ur, Ve — Uy,

Lepton “flavor” number violation (LFV)!
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neutrino Yukawa interaction can have large
lepton flavor violation (LFV) for large neutrino mixings
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Since there is no symmetry to forbid the LFV,
there may be many LFV interactions.

LFV in charged lepton sector?
[ — ey, L — e conversion etc.




Experimental limits on lepton flavor violation
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extremely small!




Effective Lagrangian for u — ey

Ty ,LLRUWeLFW + h.c. + -

A2
o 3(4m
BR(u — ey) = y° éQ /)X 1 A : new physics scale
F

L1irv =Y

off y~1, (the operator is induced at tree level)
400TeV\ " /92
BR(p —ey) =1x 1071 x - (Q)
A 1
PE
olf ¥y = 1672 Oue, (the operator is induced at one loop level)
" 2TeV\™* [/ 6 ’
_ —11 pue
BR(p —ey) =1x107"" X ( A ) (10_2)

example: SUSY
It’s sensitive to the flavor violating TeV scale physics!
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“06” results include the recent 7 7 data from
SND, CMD-2, and Babar (and KLOE)

The discrepancy between the experimental result
and the SM prediction is 30 level




da,(=a® —a)™) = (27.6 £8.1) x 10~ (HMNTOG6)
Hagiwara et al: hep-ph/061 1102

Note: a,(EW) ~ 0(10_9) (3.40 discrepancy)

new physics with a scale of O(100 GeV - | TeV)
may be responsible for this discrepancy
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flavor violation + anomaly of muon g-2
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(o — ey LFV in charged lepton sector

neutrino ——
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If the muon g-2 anomaly is true, the current and future experiments

on lepton flavor violation can probe the small flavor violation!




Y LFV in SUSY models

5,5USY W v
o’ For example,
..................... heavy right-handed neutrinos
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The LFV slepton masses can be induced by
high energy flavor violating interactions

Hall, Kostelecky, Raby, 1985




e.g. Right-handed neutrino Yukawa interaction
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and if SO(10)-like Yukawa unification is realized.....
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many fermion mass
models
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Note: If the photon penguin diagram is dominant

in 4 — e conversion ,
Y

L — ey [ — € conversion

R(pu~T; — e T;)/BR(p — ey) ~5x 1077
(In SUSY, the photon penguin has the tan 3 enhancement.)
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BR(t—=uy)

B-factory
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% LFV in other models
Littlest Higgs model with T-parity (LHT model)

* Higgs boson is a pseudo Nambu-Goldstone boson
which is light because of approximate global symmetries.

* quadratic divergence in Higgs mass parameter is cancelled
by new particle contribution at one-loop level

»  solve the naturalness problem

R(uTi—eTi)

Branke et al, hep-ph/0702136
Choudhury et al, hep-ph/0612327
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Figure 10: pu — e conversion rate in 55T% as a function of Br(u — ev), after imposing
the existing constraints on u — ey and p~ — e¢"ete”. The shaded area represents the

current experimental upper bound on R(uTi— eTi).
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Comparison of various ratios of event rates

MSSM MSSM (Higgs mediated) LHT
RpTi—eTi) || —3 N _ L 10-2 _ 102
B 5 x 10 0.1—0.2 10-2 — 10
—eee —3 —3
Silp—ced) 6% 10 ~ 6 x 10 ~04-25

(Higgs mediated contribution is important when tan 3 is large,
Higgs bosons are light and SUSY scale is large.)

These kind of ratios will be important
to distinguish the different models

SUSY seesaw model (Borzumati, Masiero 1986; Hisano et al 1995...)
SUSY GUT (Barbieri, Hall 1994,....)

R-parity violationg SUSY (A.de Gauvea et al 2000,......)

neutrinos in extra dimensions (loannisian, Pilaftsis 1999; Kitano 2000,......)
many other models
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Summary

X The current and future LFV search can be sensitive to
the flavor violating TeV scale physics.

X The search for the LFV can be important to probe the
high-energy LFV interactions (e.g. origin of neutrino
mixing, GUT interactions etc.),
which can not be reached by the collider experiments.

X The search for the LFV is complementary to the direct
search for TeV scale new physics at LHC/Tevatron/ILC.
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Backup slides
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Models Vos Vis
Albright et al. [25] 0.9 0.06
Altarelli et al. [25] 0.5 0.09
Bando et al. [25] ~ 0.7 ~0.1
Hagiwara et al. [25] 0.7 0.06
Nomura et al. [25] 0.7 | ~0.1
Sato et al. and Buchmiiller et al. |23, 24] | 0.7 | ~ 0.05

Table 1: Typical predicted values for Vo3 and Vi3 in various models |23, 24, 25].
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X Constraint on SUSY breaking messenger scale from LFV

M ess. : scale where SUSY breaking terms are generated

low energy gauge mediation
X X >
M ness. MVR scale
LFV
MSSM MSSM + vy T

gravity mediation

high energy gauge mediation

X € >

MVR Mmess. Scale
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If we observe the LFV, low energy gauge mediation will be strongly disfavored

Combining LHC and LFV data, we may have some information
on messenger scale and right-handed neutrino masses
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